We introduce a wide channel, micro-fluidic device for the transfer of particles and cells between different fluidic media, for example from a sample liquid to water, based on acoustophoresis (AP) as well as negative dielectrophoresis (nDEP). Rapid prototyping was used in order to determine the dimensions of the microfluidic channels and FE (finite element) simulations were performed to derive the optimal nDEP electrodes geometries. We chose to combine nDEP and AP because of the selective nature of DEP and the high throughput possibilities that the AP offers as well as the AP independence from the dielectric properties of the used media.
Introduction
We present a device where cells and particles can be transferred between liquid media, while avoiding the diffusion between these media. The device is designed to make use of both negative dielectrophoresis (nDEP) [1] , [2] and acoustophoresis (AP) [3] , [4] for the transfer of particles and cells from one to the other liquid.
Both nDEP and AP are well established methods [4] , [5] , [6] for particle transfer and manipulation. The combination of both methods allows harvesting the benefits of two worlds: nDEP offers a way for manipulating and transporting particles and also permits separation of different particles with relative ease. AP offers a means to transfer particles at much higher flow rates (up to 10 times in our initial tests) and has the advantage of being less medium dependent. An example of combining AP and DEP can be a cascaded system of the below presented device, where AP is used to separate particles in bulk from a medium that is not DEP compatible (e.g. highly conductive medium such as a body fluids) to one that is, where then nDEP can be used to manipulate or separate the particles with more finesse. 
Device design and fabrication
The μ-fluidic device shown in Fig. 1 (a) was designed for both negative dielectrophoresis (nDEP) and acoustophoresis (AP). The design of the nDEP electrodes is based on a previously characterized μ-fluidic device [1] with the main difference of having nDEP electrodes on both the top and the bottom side of the channel. The benefit of using electrodes on both top and bottom is that it allows the use of wider (1 mm) and deeper (up to 75 μm) channels, which in turn enables a higher flow rate of the particles to be separated. A comparison between different electrode designs for DEP can be found in [5] and [6] . Fig. 2 (a) and (b) show the FE analysis made with COMSOL to determine the dimensions for the nDEP electrodes. As expected, the top and bottom electrode configuration yield a high force in the y-direction (see Fig. 1 (a)) on a hypothetical particle moving in a highly conductive medium (~1600 mS/m). In the simulations we compared the DEP force (F DEP ) for different electrode dimensions [5] : 
where p and m are the relative permittivity of the particle and the medium, respectively and the cell radius r is assumed constant. A first prototype of the H-filter chip, was fabricated by depositing platinum (Pt) electrodes on two glass wafers, and bonding these wafers together with two layers of a dry resist foil with the H-filter structure etched in it (see Fig. 1 (a) ). A schematic showing the setup used for AP is shown in Fig. 1(b) . The 3D printed adaptor allows the mounting of the chip on top of an acoustic horn, which couples the generated acoustic waves to the H-filter [3] . The adaptor also serves as an extension for the inlets and outlets which significantly simplifies the tubing of the chip. for different electrode base dimensions (Elec_B) while the tip of the electrode has a fixed width of 20 μm, and for different separation between the electrodes when viewed from the top (Elec_Sep_x) (see Fig. 2.(a) ).
Experimental results
In this section we present the results of measurements made to test both the nDEP and the AP. For our primary tests we used 10 μm diameter polystyrene beads suspended in a 100 mS/m DEP medium at 0.5 % beads concentration. The medium to which the beads were transferred is DI-water.
Successful transfer was achieved with nDEP for flow rates of up to 2 μl/min. Fig. 4 (a) shows a successful transfer of the polystyrene beads from the lower half of the channel to the upper one, when a sinusoidal AC voltage of 1 MHz and 20 Vpp is applied between the top and bottom electrodes. Fig. 4 (b) shows the results of initial tests made with the AP setup. Successful transfer between media was achieved with AP with flow rates up to 20 μl/min with the transducer (see Fig. 1 (b) ) being actuated with a 660 kHz square wave. In the pictures of Fig. 3 , "Off" represents the state where no voltage is applied between the upper and lower electrodes and the PZT transducer is turned off. Particles highlighted in green are the ones that are stuck at the bottom of the channel and the white highlighted ones are flowing through.
Conclusions and Outlook
In this contribution we have introduced a prototype for a μ-fluidic device that employs both, acoustophoresis and negative dielectrophoresis for transferring particles and cells between different fluidic media. The H-filter device has been tested with polystyrene beads suspended in a DEP medium and successful transfer of the beads from the DEP medium to DI-water was achieved with both acoustophoresis and negative dielectrophoresis.
Future research will include testing with different fluid media and transferring living cells from one medium to the other.
